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[57] ABSTRACT 

The present invention relates to a cleaning composition for 
cleaning aircraft wheel wells. The cleaning composition 
broadly comprises from about 0.1 to about 15% of a 
D-limonene composition, containing less than 0.5% of a 
stabilizing anti-oxidant, acting as a solvent for said greasy 
soils, from about 0.1% to about 5.0% of a material for 
increasing the flash point of said cleaning composition 
above 140° F., such as an isoparrafinic hydrocarbon solvent, 
from about 10% to about 50% of a mixture of linear alcohol 
ethoxylates having a HLB in the range of 2 to 15 as a 
stabilizer, and the balance water. The cleaning composition 
may also contain from 0.1% to about 10% 
capryolamphopropionatejrom about 0.1% to about 15% 
dipropylene glycol, from about 0.1% to about 5.0% 
benzotriazole, and 0.1% to about 5.0% sodium bicarbonate. 

1 Claim, No Drawings 
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THEXOTROPIC LOW-SOLVENT, NON-HAP Ethylene class glycol ether coupling solvents, included in 
WHEEL WELL CLEANER existing products to improve solubility and stability of the 

components, are also HAPs and have PELs on the order of 
This application is a division of application Ser. No. 100 parts per million (ppm). 

08/932.794, filed Sep. 4. 1997 pending.                               5 other solvents may be present in these products, subject 
to variation by manufacturer, to bring the total solvent 

STATEMENT OF GOVERNMENT INTEREST content to a maximum of 32%. Most solvents used for this 

The invention described herein may be manufactured and P»£°«; «« classi«ed as ^^ or8anics compounds 
used by or for the Government of the United States of in (V0CS> ^ « subJect *> local air emission regulations 
America for governmental purposes without the payment of 10 For examPle'"ls now necessary at the North Island Naval 
any royalties thereon or therefor. Aviat1011 ^P01 m California to use aircraft maintenance 

products containing less than 10% total VOCs in the use 
BACKGROUND OF THE INVENTION dilution. This allows the products to be exempt from Rule 66 

of the San Diego County air pollution control regulations. 
(1) Field of the Invention 15 
This invention relates to a thixotropic, low solvent, non- SUMMARY OF THE INVENTION 

hazardous, biodegradable cleaning composition intended for Accordingly, it is an object of the present invention to 
use in the cleaning of aircraft wheel wells and to a method provide a cleaning composition which is effective to clean 
for applying the cleaning composition. ^„^ wheel weUs 

(2) Description of the Prior Art                                       ^ B is still a further object of the present invention to 
It has long been a problem in the formulation of cleaning provide a cleaning composition as above which is compat- 

compositions to have a cleaning composition which is ible with environmental regulations. 
environmentally sound as well as effective from a cleaning B is a fmüia ^^ of me wcseat invention to p^de a 

standpoint. D-limonene, a by-product of the citrus industry, ^ cleaning composition as above which contains no aromatic 
has been found to be an effective cleaning and degrcasing or ethyiene class glycol ether solvents or any other HAPs. 
solvent. However, D-limonene by itself has other problems. T..     *«._*.     L- _* cu.           »•      *.-..         -J _        ~   ".       .            J.J     ,      ,     • B is yet a further object of the present invention to provide Thus, efforts have been made to develop cleaning compo- .    '.               ...J        .   r    ...       . .    .r   .. *     '   .      .           _ ,.                .,   *      „   K .  ^\ a cleanmg composition as above which contains less than 
sibons based upon D-limonene which meet safety and .„„       °    ^ 
environmental concerns. U.S. Pat. No. 4,511,488 to Matta 
illustrates one such cleaning composition based upon ß is still a further object of the present invention to 
D-limonene. The Matta cleaning composition contains provide a cleaning composition as above which has a 
D-limonene, a surface active agent selected from the group cleaning performance similar to existing cleaning corn- 
consisting of anionic, nonionic and mixed anionic-nonionic pounds. 
surfactants, and a coupling agent, suitably a glycol or a The foregoing objects are attained by cleaning composi- 
lower alkyl glycol ether. tions in accordance with the present invention. 

Another cleaning composition containing D-limonene is In accordance with the present invention, a cleaning 
illustrated in U.S. Pat. No. 5,213,624 to Williams. The composition suitable for cleaning aircraft wheel wells com- 
Williams cleaning composition contains a terpene solvent prises from about 0.1 to about 15% of a D-limonene 
such as  D-limonene, an aliphatic glycol monoether 40 composition, containing less than 0.5% of a stabilizing 
co-solvent such as dipropylene glycol monomethyl ether, a anti-oxidant, acting as a solvent for said greasy soils, from 
mixture of nonionic surfactants selected from (1) a capped about 0.1% to about 5.0% of a material for increasing the 
alkylphenol ethoxylate or an ethoxylated higher aliphatic flash point of said cleaning composition above 140° F., such 
alcohol, and (2) a fatty acid alkanolamide, and water. as an isoparrafinic hydrocarbon solvent, from about 10% to 
Neither the Matta composition nor the Williams composition 45 about 50% of a mixture of linear alcohol ethoxylates having 
is intended to act as a cleaning composition for cleaning a hydrophilic-lipophilic balance (HLB) in the range of 2 to 
aircraft wheel wells. 15 as a stabilizer, and the balance water. The cleaning 

U.S. Pat No. 5,324,443 to Arif illustrates a biodegradable composition may also contain from 0.1% to about 10% 
aqueous filter cleaner formulation containing carboxylic capryolamphopropionate, from about 0.1% to about 15% 
acid and/or a salt thereof, a nonionic biodegradable surfac- 50 «Upropylene glycol, from about 0.1% to about 5.0% 
tant based on oxyalkylated linear alcohols, and a water benzotriazole, and 0.1% to about 5.0% sodium bicarbonate, 
soluble organic solvent Other details of the cleaning compositions of the present 

Existing cleaners for cleaning aircraft wheel wells are invention, as well as other objects and advantages attendant 
formulated with an aromatic solvent content of up to 10% thereto, are set forth in the following detailed description, 

and a total solvent content of 20 to 32%. The presence of 55 DETAILED DESCRIPTION OF THE 
these constituents gives rise to environmental concerns. Of PREFERRED EMBODEMENT(S) 
primary concern is the aromatic solvent content in these 
products. These solvents are cited in the 1990 Clean Air Act As previously discussed, it is a primary goal of the present 
as hazardous air pollutants (HAPs), and are targeted for invention to provide a thixotropic, low solvent, non-HAP 
elimination from aircraft maintenance operations in 1997 60 cleaning composition suitable for use as a cleaner for aircraft 
under the National Emission Standards for Hazardous Air wheel wells. In developing the cleaning compositions of the 
Pollutants. Aromatics also have low permissible exposure present invention, certain issues needed to be addressed, 
limits (PELs) and contribute to workplace health hazards. Due to the need to eliminate aromatic compounds and a 
Finally, aromatic solvents have an extremely low level of reduction in total solvent content, a major obstacle to be 
biodegradability. This causes concern from a waste treat- 65 overcome was cleaning ability. D-limonene was selected as 
ment standpoint or if the product were to migrate into natural a base ingredient because of its effectiveness as a solvent on 
waterways. greasy soils and because it has solubility characteristics 

/ 
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similar to aromatic compounds. Although still considered a 9.5% to about 12% of a linear alcohol ethoxylate having a 
VOC. D-limonene is a naturally occurring, biodegradable HLB of about 11 to 13, preferably about 12 to 13; and from 
solvent produced as a by-product of the citrus industry. One about 5% to about 15%. preferably from about 9.5% to about 
problem occasionally encountered with the use of 12%, of a linear alcohol ethoxylate having a HLB of about 
D-limonene is oxidation when in storage. Thus, a stabilizing 5   13.1 to 15, preferably about 13.1 to 14. Dipropylene glycol 
anti-oxidant must be present in the cleaning composition in is present in an amount from about 0.1% to about 15%, 
an amount sufficient to retard storage oxidation of the preferably from about 8.0% to about 10%. 
D-limonene and to extend the shelf life of the product. The B was found that the surfactants alone were not sufficient, 
total D-limonene and anti-oxidant should be present in the however to obtain the desired product stability. Sodium 
cleaning composition in an amount from about 0.1% to 10 bicarbonate was added to further stabilize the cleaning 
about 15% and preferably in an amount from about 5.5% to composition in gel-form and allow it to remain homöge- 
about 8.0% with the anti-oxidant portion of the combination neous after  storage at room temperature, freezing 
being 0.5% or less. As used herein, unless otherwise noted, temperatures, and through high temperature cycles intended 
all percentages are percentages by weight It has been found t0 simulate extended storage. Sodium bicarbonate is present 
that a D-limonene product sold by Glidco Organics under 15 in an amount from aDOut 0.1% to about 5.0%, preferably 
the tradename PREPSOLVE may be used in the cleaning from li}0Ut 0 5% to about i-5%_ 
compositions of the present invention because it includes a Benzotriazole may be added to the cleaning composition 
stabilizing anti-oxidant. t0 p,-everlt corrosion problems, particularly on aluminum 

Product flammability was another issue which needed to materials to which the cleaning compound would be applied, 
be addressed. Maintenance chemicals are required to have a 20 Benzotriazole may be present in an amount from about 0.1% 
flash point of greater than 140° F. to be approved for use t0 about 5 Q%( preferably in an amount from about 0.3% to 
aboard Navy ships. A material having a flash point greater aoout g 7% 
than 140° F. is also desirable because it is classified as Capryloamphopropionate may be added to the cleaning 
"combustible" rather than "flammable   and would not com3,sition to inhibit the corrosion of steel exposed to the 
require storage in a flammable storage cabinet according to 25 u   .d  ^         r  hase aad me vapor-Uquid interface of 
Occupational Safety and Heath regulations. D-hmonene has ^             ■ such as would ^ encountered in a partially 
a flash point of 119° F. and left alone would cause the ^ ^ dnmL Jhe capryloamphopropionate may be 
cleaning composition to have a similarly low flash point n{ m m ^^ ftom about Ql% tQ about 1Q% 

Thus, another volatile material was required that would mix ^daabl  from ^^ 40% to about 6.0%. 
with the flammable vapor of the D-hmonene and thereby 30 v m   . \          -.,.,.                ._•            ♦„   ,us„u wiui uic uoiuiiuiui   ya^yi                    ^^. .   . ' The balance of the cleaning composition is water which 
increase the flashpoint It was found that lsoparrannic hydro- ?     T^                „w~lrf a\or 
"                  K"                                 iL»«» n,»™-„oi may be present in an amount from about 20% to about 60%. carbon solvents, such as a product sold by Exxon Chemical '     *  - ., r 

under the tradename ISOPAR M, could be used to raise the Aformulation which has been found to be suitable for use 
flash point above 140° F. if present in an amount from about as a cleaning composition for removing sou from an-craft 
0.1%toabout5.0%andpreferablyinanamountfromabout 35 wheel wells is as follows: 5.0% linear alcohol ethoxylate 
-> cw t« „h„.,t in* h&vmg a HLB of 3.7,5.7% linear alcohol ethoxylate having 
i.m> to aDoui^.u *>■ a HLB of 8.5,10.6% linear alcohol ethoxylate having a HLB 

Flow properties of the cleaning composition were also a V7Z- . ~ ~~ ..         .   ^ .   *-     , ,.  u   •       m -a   e 

.     ^   .    ,     11      J  11      J *  A    u ™ *u= *.~fi„~ tn- benzotriazole, 1.0% sodium bicarbonate, and the balance aircraft wheel wells and allowed to dwell on uie surface tor ' 
several minutes. Once the soil has been solubilized and water.                                ...               ..       c . 
emulsified, the cleaner is rinsed away with water. Stability of The directions for using the cleaning compositions of the 
the gel was a problem since D-limonene is difficult to P"*ent invention are as follows. Apply the cleaning corn- 
emulsify in this fashion. Thus a combination of linear 45 position full strength with a pump sprayer or brush. Allow 
ethoxylate surfactants of various hydrophilic-lipophilic bal- the product to dwell for 5 minutes. Scrub if necessary. Rinse 
ance (HLBs) along with dipropylene glycol was added to thoroughly with water. 
achieve a gel with the desired consistency or rheological The cleaning compositions of the present invention obtain 
properties. The surfactants also serve the purpose of emul- a level of cleaning performance similar to that of MIL-C- 
sifying sous that have been solubilized by the solvent, 50 85570, Type V, but contain no aromatic solvents or other 
allowing the soil to then be rinsed away with water. Suitable HAPs. Further, the cleaning compositions of the present 
linear alcohol ethoxylates for the cleaning compounds of «he invention contain no ethylene class glycol ether solvents, 
present invention are those having a HLB in the range of which are classified as HAPs. The cleaning compositions of 
about 2.0 to about 15.0. The mixture of linear alcohol the present invention also contain less than 10% total VOCs 
ethoxylates require a range of molecular weights to provide 55 compared to current formulations containing up to 32% total 
the desired level of stability. The mixture of linear alcohol solvent. 
ethoxylates are present in the cleaning compositions of the It is apparent that there has been provided in accordance 
present invention in an amount from about 10.0% to about with the present invention a thixotropic, low-solvent, non- 
50%,preferablyinanamountfromabout25%toabout35%. HAP wheel well cleaner which fully satisfies the objects, 
A suitable mixture of linear alcohol ethoxylates may com- 60 means, and advantages set forth hereinbefore. While the 
prise: optionally, from about 0.1% to about 10%, preferably invention has been described in combination with specific 
from about 4.0% to about 6.0%, of a linear alcohol ethoxy- embodiments thereof, it is evident that many alternatives, 
late having a HLB of about 2.0 to 5.0, preferably about 3.0 modifications, and variations will be apparent to those 
to 5.0; optionally, from about 0.1% to about 10%, preferably skilled in the art in light of the foregoing description, 
from about 4.5% to about 7.0%, of a linear alcohol ethoxy- 65 Accordingly, it is intended to embrace all such alternatives, 
late having a HLB of about 6.5 to 10.5, preferably about 8.0 modifications, and variations as fall within the spirit and 
to 9.0; from about 5% to about 15%, preferably from about broad scope of the appended claims. 
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What is claimed is: 
1. A method for cleaning aircraft wheel wells comprising 

the steps of: 
applying a cleaning composition comprising from about 

0.1% to about 15.0% of a D-limonene composition 
containing less than about 0.5% of a stabilizing anti- 
oxidant, from about 0.1% to about 5.0% of an isopar- 
rafinic hydrocarbon solvent for increasing the flash 
point of the cleaning composition, from about 0.1% to 
about 10% of a linear alcohol ethoxylate having a HLB 
of about 2.0 to 5.0, from about 0.1% to about 10% of 
a linear alcohol ethoxylate having a HLB of about 6.5 
to 10.5, from about 5.0% to about 15% of a linear 
alcohol ethoxylate having a HLB of about 11 to 13, 

10 

from about 5.0% to about 15% of a linear alcohol 
ethoxylate having a HLB of about 13 to 15, from about 
0.1% to about 10% capryloamphopropionate. from 
about 0.1% to about 15% dipropylene glycol. from 
about 0.1% to about 5% benzotriazole, from about 
0.1% to about 5% sodium bicarbonate, and the balance 
water; 

allowing said cleaning composition to dwell on said 
aircraft wheel well for a tie sufficient to emulsify said 
soil; and 

rinsing said wheel well with water. 


